Removable partial or complete dentures exposed to beverages and mouthwashes: evaluation of microhardness and roughness Descritores: Prótese dentária; base de prótese; resina acrílica; enxaguantes bucais.
INTRODUCTION
Aging of population has reached an increasing speed in developing countries. Older people are among the most affected by oral and systemic diseases, with clear impacts on their quality of life. The consequences of accumulation of oral diseases are reflected in severe teeth loss and use of prosthesis don´t always in proper conditions. As a result, esthetic, function, nutrition and self-esteem may be harmed 1, 2 .
Removable partial and complete dentures are good options for patients requiring rehabilitation after the loss of some or all of their 190 Feitosa, Reggiani, Araújo Rev Odontol UNESP. 2015 July-August; 44(4): [189] [190] [191] [192] [193] [194] teeth. These dentures are fabricated withacrylic resin, a low cost polymer material based on poly(methyl methacrylate) (PMMA), which is relatively easy to manipulate 3 . The acrylic resin may be classified according to its mode of activation , as chemically-polymerizated (cold-polymerized resins), heat-polymerizated (polymerized using water bath or microwave oven) and light-polymerizated types 4 .
Bettencourt et al. 5 studied acrylic resins and observed that multiple factors are responsible for their biodegradation, such as the characteristics of saliva, thermal and chemical variations, diet, use of cleansing products, toxic potential of material components and changes in physical and mechanical properties.
The effect in roughness, hardness and color stability of acrylic resin bases when cleaning with different mouthwashes has been studied [6] [7] [8] [9] . Mouthwashes are commonly recommended to prevent biofilm formation and microorganisms colonization 3 . Some studies have reported the influence of immersion in chemical and alcoholbased disinfectants in the physical and flexural strength of acrylic resin [10] [11] [12] . These researches may propel the need to investigate these correlations with the denture acrylic resin.
Machado et al. 11 showed that when reline resins and denture base resins are immersed in sodium perborate, an alkaline material, their roughness is significantly increased, however, their hardness is not harmed when they are exposed to different disinfection cycles in microwave ovens and in 3.8% sodium perborate. Whereas Neppelenbroek et al. 13 studying chemical disinfection in water, 3.78% sodium perborate; 4% chlorhexidine gluconate and 1% sodium hypochlorite found that the products negatively affected the hardness of two different acrylic resins used for denture bases, however, this effect was reverted after 15 days storage in water, suggesting to the clinician that dentures should be immersed in water after the disinfection cycle, to minimize the harmful effects of the procedure. It may occurs because water molecules act as a plasticizer and the flow of long-chain polymers can be facilitated. This process is a result of reduce of concentration of residual monomers.
Effects of exposure of acrylic resins and relining materials to the oral medium and to foods and beverages consumed by the patient have not yet been extensively studied, in spite of great importance to clinical practice 3, 10, 14 . The alteration in dimensional stability of denture base resins may indicate aging or damage to the material, which may occur due to the ingestion of acid beverages (pH< 5), which in contact with stock artificial teeth or acrylic resin, denture bases may compromise their properties, in addition to favoring bacterial biofilm adhesion to their surfaces 10 .
The aim of this study was to evaluate the effect of acid beverages and mouthwashes on the microhardness and roughness of denture base acrylic resin. The tested hypothesis would be that the low pH and use of alcohol-based mouthwashes may adversely affect the roughness and hardness of denture acrylic resin.
MATERIAL AND METHOD
Pink acrylic resin (Jet, Clássico, Sao Paulo, SP, Brazil) were manipulated in proportion 3:1 (powder/liquid) and immediately included into silicone molds until polymerization (n=80), resulting in rectangular samples with dimensions of 2.5 × 5.0 × 1.0 cm. The samples were embedded in transparent acrylic resin (Jet), using a cylinder-shaped silicone matrix, to facilitate the polishing procedures and microhardness and roughness measurements.
The samples were polished (Pantec Polipan 2, Panambra, Sao Paulo, SP, Bazil) with a sequence of water abrasive papers (#600, #800, #1.200 and a felt disc). After this, the samples were randomly divided into eight experimental groups:
GCof: Instant coffee (Nescafe, Nestle, Araras, SP, Brazil) -prepared according to manufacturer´s instruction. Before the test samples immersion in the solutions the initial Knoop microhardness and roughness measurements were made. After, the test samples of each group were immersed in the respective products for 10 min and stored in artificial saliva for 23 h and 50 min, completing a period of 24 h. This procedure was performed for 14 consecutive days, and after this period the final microhardness and surface roughness measurements were made.
GJui
A microdurometer (FM 700, FutureTech corp., Tokyo, Japan) was used fitted with an indenter using a 100gf and dwell time of 10 sec, coupled to a microcomputer and a specific software program to analyze the images (Cams -Win -New Age Industries,USA). All the samples were demarcated, dividing them into quadrants, for determination and standardization of the readout locations.
During the test, the microdurometer activated a pyramid-shaped diamond penetrator tip under a vertical static load of 100 gf/10 sec and the readout was made with an objective at 10X magnification. When activated, the penetrator performed a compression on the sample surface, generating a diamond-shaped geometric form. The microdurometer made the calculations automatically.
Quantitative surface roughness analysis (Ra and Rz) was performed with the analyzer tip in a Mitutoyo SJ 400 rugosimeter (Mitutoyo, Tokyo, Japan) by a single trained examiner, using the following parameters: Ra (mean roughness) -corresponding to the arithmetic mean of the absolute values of roughness profile ordinates (peaks and valleys) in relation to the midline, within the measurement run; and Rz (mean roughness depth) corresponding to the arithmetic mean of the absolute values of roughness profile ordinates in relation to the most distant points above and below the midline. Three perpendicular measurements were taken on the sample Rev Odontol UNESP. 2015 July-August; 44(4): [189] [190] [191] [192] [193] [194] Removable partial or complete dentures exposed… 191 surfaces with a distance of 2 mm between each measurement. For each sample, a mean value was obtained from three measurements, and afterwards the average was obtained for each group.
The results of microhardness were analyzed with KruskalWallis non parametric ANOVA and Dun Test, and the results of roughness was submitted to one-way ANOVA and Student-t test for paired samples (p<0.05) .
RESULT

Microhardness
To evaluate the microhardness results the Kruskal-Wallis non parametric ANOVA test was used. The analysis showed statistically significant differences on the microhardness values (P = 0.0017 < 0.05). The cola-based soft drink group (Group GCola) showed the lower alteration on the microhardness surface (Table 1) .
Statistically significant different was found between the experimental groups, and after this Dunn's test was applied to locate where the difference occurred (Table 2 ).
In Dunn's test difference was observed between the Groups chlorhexidine and antiseptic without alcohol, and the Group colabased soft drink, with the other groups presenting intermediate values. Greater alteration in microhardness when chlorhexidine and the antiseptic without alcohol were used. Table 3 shows the comparison of the roughness condition in the immediate period and after solution immersion and the interval of confidence (IC: 95%) in the comparison on the mean roughness values (Ra) of beverages for all experimental groups, resulting from the Student's-t test for paired samples (df = 9), α = 5%. There were significative differences between the periods (imediate and after immersion) for all groups, but there was no significative differences between the groups in both periods. Table 4 shows the comparison of the roughness condition in the immediate period and after immersion, according to the type of test product. Interval of Confidence (IC: 95%) in the comparison on the mean roughness values (Rz) of beverages for all experimental groups, resulting from the Student's-t test for paired samples (df = 9), α = 5%.
Roughness
In the period after immersion there was an increase in roughness in comparison with the initial period (Tables 3 and 4) . The mean values of the periods differed statistically both for Ra and Rz, in each of the groups.
For comparison among the groups with respect to the initial difference and after immersion in the test products the one-way ANOVA was applied ( 
DISCUSSION
In this in vitro study it was observed that 0.12% chlorhexidine gluconate and mint flavored oral antiseptic without alcohol showed the greatest differences between initial microhardness and after solution submersion for 14 days, characterizing a harmful effect and a decrease on microhardness values. Asad et al. 12 used 2% glutaraldehyde, 0.5%, chlorhexidine and a disinfectant solution with alcohol on acrylic resin for 24 h, showing no significant change in the values; however, significant alteration was observed after immersion for 7 days,. According to authors, the alteration may have occurred due to the absorption of chemical products by the acrylic resin, resulting in a structural change of the polymer. In addition, the water re-immersion increased the microhardness, suggesting a structural reorganization in the polymer changed by the solution immersion.
In this study it was observed that all solutions promoted alteration in the acrylic resin microhardness; However, statistically significant values were only found between the Groups 0.12% chlorhexidine and the disinfectant solution without alcohol in comparison with the cola-based soft drink group (Table 2) , whereas the other groups , absorption of the solutions by the acrylic resin may have occurred in this study, resulting in different levels of softening by the different solutions. In addition, the exposure time of 10 min in the solutions and the storage in artificial saliva for 23 h and 50 min, completing a period of 24 h for 14 days is a factor influencing the results. The exposure time recommended by the manufacturers is from 10 to 30 min, which was extended to 14 days simulating a continuous period of use 12 .
Acrylic resin denture bases may also undergo alterations in hardness and roughness as a result of the action of foods and beverages, disinfectants, saliva, surface texture and porosities resulting from the laboratory procedure, in addition to the time of use 15 .
During acrylic resin polymerization, the residual monomer may act as resin plasticizer, changing the properties of the acrylic resin. Storage in water or artificial saliva is another factor triggering alterations, and could interfere in the properties of denture base materials, due to the absorption of water with consequent alteration in the material 8, 14 . When the surface microhardness was evaluated in this study, it was verified that chlorhexidine and disinfectant without alcohol produced the greatest alterations in the acrylic resin. Similar behavior was observed for roughness.
When acrylic resin roughness was evaluated in the different groups there was difference between the initial period and immersion in the solution for 10 min/14 days. This difference remained constant among the groups and no statistically significance difference was found among them. Azevedo et al. 8 , submitted the samples for 7 days in disinfectants solutions, and Ural et al. 14 , immersed samples for a week (5 hours/day). Both studies shown small or no significant changes in roughness between the periods of evaluation when test the effects of disinfectants in denture base resin and relining resins.
The differences among the findings may occur due to solutions types , different brands of denture base materials, exposure times and equipment used for evaluation.
Jin et al. 16 evaluating denture relining materials (soft denture lining) observed differences between the commercial brands, with severe changes in roughness. Its known that cleanser products like toothbrushes and toothpastes cause denture base surface abrasion, but there are no sufficient researches about the influence of mouthwashes on its surface 16 . Regis et al. 17 verified the effects of different alcohol concentrations in roughness and microhardness of denture base materials. They found alteration in these properties, differing from the findings of the current study, in which it was verified that the results for disinfectant with alcohol and red wine did not differ statistically from the other groups, and that chlorhexidine and disinfectant without alcohol were the solutions most harmful for microhardness.
Considering that the roughness of dentures facilitates bacterial activity and may cause traumas to the soft tissues 18 , leading to stomatitis or other types of lesions and contributing to tissue injuries, the maintenance of surface smoothness is important for the good hygiene of denture bases and oral health.
CONCLUSION
• The greatest difference in microhardness occurred in the groups of chlorhexidine and antiseptic without alcohol, and the lowest difference in the cola-based soft drink; • There was an increase in roughness between the initial period and after submersion of test specimens in the test products; and • There was no difference in roughness among the groups. 
